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(54) Fuel injector nozzles for I.C. 
engines 

(57) In a fuel injector nozzle a valve 
element 43 co-operates with a valve 
seat 58 to control fuel flow to an 
engine combustion chamber, and a 
fuel spray directing surface 65 
extends downstream from the valve 
seat 58. The body 3 1 of the nozzle 
includes a cavity 61 shaped and 
located to restrict the area for 
conductive heat flow from the spray 
directing surface 65 to the fuel 
passage 57. Restriction of the heat 
flow maintains the spray directing 
surface 65 at a temperature to 
combust particles of combustion 
products deposited thereon. The 
penetration of the nozzle into the 
combustion chamber may be varied. 
Passage 66 may be cylindrical 
instead of conical. The valve 43 may 
be notched (Figs. 4,5) downstream 
of the seat 58. 
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SPECIFICATION 

Improvements relating to nozzles for in-cyl- 
inder fuel injections systems 

5 

This invention relates to the injecting of fuel 
into the combustion chamber of an internal 
combustion engine through a valve controlled 
port. 

10 The characteristics of the spray of the fuel 
droplets issuing from a nozzle into a combus- 
tion chamber have major effects on the effici- 
ency of the burning of the fuel, which in turn 
effects the stability of the operation of the 

15 engine, the engine fuel efficiency and the com- 
position of the engine exhaust gases. To op- 
timise these effects, particularly in a spark ig- 
nited engine, the desirable characteristics of 
the spray pattern of the fuel issuing from the 

20 nozzle include small fuel droplet size, con- 
trolled penetration of the fuel spray into the 
chamber, and at least at low engine loads, a 
relatively contained evenly distributed cloud of 
fuel droplets in the vicinity of the spark plug. 

25 Some known injection nozzles, used for the 
delivery of fuel directly into the combustion 
chamber of an engine, are of the poppet valve 
type, from which the fuel issues in the form 
q4 2 hclicw divergent conical spray, with the 

30 fuel droplets forming a generally continuous 
conical wall extending from the peripheral 
edge of the poppet valve. 

The nature of the shape of the fuel spray is 
dependent on a number of factors including 

35 the geometry of the port and valve constitut- 
ing the nozzle, especially the surfaces of the 
port and valve immediately downstream of the 
seat where the port and valve engage to seal 
when the nozzle is closed. Once a nozzle geo- 

4P HnteiryJias beejn seleaed t^ give the required 
performance, relatively minor departures from 
that geometry can significantly impair the per- 
formance thereof. In particular the attachment 
or build-up of solid combustion products on 

45 surfaces over which the fuel flows is detri- 
mental to the correct performance of the noz- 
zle. 

It is therefore an object of the present in- 
vention to provide a nozzle through which fuel 

50 is injected into a combustion chamber of an 
engine that will contribute to a reduction in 
the built up of solid. 

With this object in view there is provided 
an internal combustion engine in-cylinder fuel 

55 injector nozzle comprising a body having a fuel 
passage therein, a port in the body to in use 
communicate the fuel passage with the engine 
combustion chamber, a valve element to co^ 
operate with a valve seat in said port to con- 

60 trol flow therethrough, a fuel spray directing 
surface in the port extending downstream 
from the valve seat, said body including 
means to regulate the heat flow through the 
body from the spray directing surface so that 


combustion particles of combustion products 
deposited thereon. 

The means to regulate the heat flow is pre- 
ferably arranged to restrict the conductive heat 

70 flow from the spray directing surface into that 
portion of the body adjacent the fuel passage. 
The fuel flow through the fuel passage pro- 
vides a significant cooling effect on that part 
of the body surrounding said passage. Thus, 

75 that part of the body provides a substantial 
heat sink that would normally promote a flow 
of heat thereto from hotter parts of the body, 
including the fuel spray directing surface. 
Thus, interposing the regulation means be- 

80 tween the spray directing surface and the heat 
sink provided by the fuel passage reduces the 
heat flow to the heat sink, and so limits the 
cooling effect thereof on the spray directing 
surface, to maintain that surface at a tempera- 

85 ture to ignite solid combustion products that 
deposit thereon. In this way deposits do not 
accumulate on the flow directing surface to 
disturb the pattern of the fuel spray issuing 
from the port. 

90 The control of the heat flow may be ef- 
fected by providing a cavity in the body be- 
tween the fuel directing surface and the fuel 
passage. The cavity may extend from a loca- 
tion close to the junction of the valve seat 

95 and the fuel spray directing surface a substan- 
tial distance through the body generally in the 
direction of the length of the fuel passage. In 
this form the cavity substantially lengthens the 
heat flow path between the spray directing 

100 surface and the cooled portion of the body 
about the fuel passage. Also this arrangement 
provides a preferred heat flow path from the 
spray directing surface to the cylinder head of 
the engine. As the cylinder head has a higher 

105 operating temperature than the portion of the 
hozzfe t)ddy around the fuel passage, the rate 
of heat flow to the cylinder head is less and 
so contributes to maintaining the spray direct- 
ing surface at the desired temperature. 

110 The cavity provided in the injector nozzle 

body may be air filled to provide the insulation 
effect due to the low heat conductivity of air. 
Alternatively the cavity may be partially or 
wholly filled with a material, such as a cera- 

115 mic, that has a substantially lower heat con- 
ductivity than the surrounding material of the 
body. 

In order to further restrict the heat flow 
from the fuel spray directing surface, the body 

120 may be made of a low heat conductivity ma- 
terial, at least in that portion of the body be- 
tween the spray directing surface and the heat 
flow control means. Stainless steel is a ma- 
terial having suitable properties including low 

125 heat conductivity for use in the portion of the 
body forming the spray directing surface. 

In one embodiment the nozzle body com- 
prises an inner portion through which the fuel 
passage extends and having the port end 

no \f»\\ff^. Qpat fnrmfiH at one end of the fuel pas- 
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sage. The outer portion is located within an 
inner portion which forms the spray directing 
surface that extends downstream from the 
valve seat. The outer portion extends about 
5 the exterior of at least the part of the inner 
portion incorporating the valve seat and the 
fuel passage immediately upstream of the 
valve seat. The outer portion abuts the inner 
portion where the spray directing surface 
10 forms an extension downstream from the 
valve seat. However the area of abutment is 
small to provide only a narrow heat conduc- 
tive transfer area. The outer portion is other- 
wise spaced from the inner portion to provide 
15a cavity therebetween over ai least a major 
part of the length of the fuel passage. Prefera- 
bly the outer portion of the body is made of 
stainless steel and the inner portion may be 
made of stainless steel or a carbon steel. 
20 Conveniently the valve element is con- 
structed to co-operate with the spray directing 
surface of the body so that the fuel spray 
issuing from the nozzle is in the form of a 
generally circular shaped first array of fuel dro- 
25 plets and a second array of fuel droplets 
within the area defined by the first array. 

Preferably the valve clement is in the form 
of a poppet valve with the terminal edge por- ; 
tion provided with a plurality of notches 
30 spaced around the periphery. The provision of 
these notches provides two alternative paths 
for the fuel, an outer path formed by the un- 
notched portions of the terminal edge, and the 
other path formed by the bottom edge of the 
35 notches which are displaced radially inward 
from the terminal edge of the valve. 

The surface of the valve over which the fuel 
passes when the valve is in the open position 

is prefei'ably of a divergent conical forrh so 

40 that the fuel issuing from the terminal edge 
will initially maintain this direction of flow to 
form an outer array of fuel droplets. However 
where the terminal edge is interrupted by the 
notches wail attachment effects will cause at 
45 least some of the fuel presented to the notch 
to follow the surface of the base of the notch, 
and so issue* from the valve inwardly of the 
terminal edge thereof. 
Preferably the fuel supplied to the fuel pas- 
50 sage is entrained in a gas, such as air, the 
gas being at a pressure sufficient to deliver 
the fuel into the combustion chamber of the 
engine when the valve is in the open position. 
It is believed that the gas is more suscep- 
55 tible to the wall attachment effect than the 
fuel, and together with the effects of the sur- 
face tension of the fuel,, this results in some 
shedding of fuel from the fuel-gas mixture at 
the initial edge of the notch. The shedded fuel 
60 is directed, by surface tension effects, to flow 
around the notches rather than through the 
notches, and so becomes entrained in and en- 
riches the fuel-aas mixture flowing down the 


valve element is also guided by the spray di- 
recting surface. 

The following description with references to 
the accompanying drawings, further explains 

70 the nature of the present Invention as it may 
be incorporated into a known fuel metering 
and injection system. 

Figure 1 shows portion of an engine in 
which the present invention may be incorpor- 

75 ated; 

Figure 2 shows a fuel metering and injection 
unit of the type suitable for use with the noz- 
zle of the invention; . 
Figure 3 shows to an enlarged scale the 
80 nozzle portion of the fuel metering and injec- 
tion unit shown in Figure 2. 

Figure 4 shows a plan view of poppet valve 
suitable for use in the nozzle of Figure 3. 
Figure 5 shows a side elevation view of the 
85 poppet valve shown in Figure 4. 

Figure 1 shows one cylinder of a spark- 
ignited direct fuel injected engine that operates 
on the two stroke cycle. Cylinder 5 has a 
piston 6 disposed therein to reciprocate in the 
90 axial direction of the cylinder in response to 
rotation of a crankshaft (not shown). The cir- 
cumferential wall 7 of the cylinder has an ex- 
haust port 8 and a diametrically opposed inlet 
or transfer port 9. 
95 The upper end of the cylinder 5 is closed 
by a detachable cylinder head 12 having a 
cavity or bowl 13 formed therein in an eccen- 
tric disposition with respect to the cylinder 
axis. A fuel injector nozzle 14 is positioned at 
100 the top of the cavity, and an aperture 15 is 
provided for the receipt of a conventional 
spark plug. The head 17 of the piston 6 is 
slightly domed, and the opposing underface 
" 16"df the cylinder head is of a complementary 
105 shape except for the provision of the cavity 
13 therein. The head of the piston, cylinder 
head 1 2 and cylinder wall 7 together define 
combustion chamber 19. 
Further details of the form of the cavity 13 
1 10 and of the combustion process derived there- 
from are disclosed In our- British Patent Appli- 
cation No.86 12601 lodged on the 23rd May 
1 986 and the corresponding United States Pa- 
tent Application No.866727 lodged on the 
115 26th May 1986. 

The injector nozzle 14 is an integral part of 
the fuel metering and injection system 
whereby fuel entrained in air is delivered to 
the combustion chamber of the engine by the 
120 pressure of an air supply. One particular form 
of fuel metering and injection unit is illustrated 
in Figure 2 of the drawings. 

The fuel metering and injection unit incor- 
porates a suitable fuel metering device 30, 
125 such as a commercially available automobile 
type throttle body injector, coupled to an in- 
jectoi- body 31 having a holding chamber 32 
therein. Fuel is drawn from the fuel reservoir 
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33 of the metering device 30. The metering 
device, operating in the known manner, 
meters an amount of fuel into the holding 
chamber 32 in accordance with the engine 

5 fuel demand. Excess fuel supplied to the met- 
ering device is returned to the fuel reservoir 
35 via the fuel return port 34. The particular 
construction of the fuel metering device 30 is 
not critical to the present invention and any 

10 suitable device may be used. 

In operation, the holding chamber 32 is 
pressurised by air supplied from the air source 
38 via the pressure regulator 39 through the 
air inlet port 45 in the body 3 1 . The injector 

15 valve 43 is actuated to permit the pressurised 
air with the metered amount of fuel therein to 
be discharged through injector port 42 into a 
combustion chamber of the engine. Injector 
valve 43 is of a poppet valve construction 

20 opening inwardly to the combustion chamber, 
that is, outwardly to the holding chamber. The 
portion of the body 31 incorporating the valve 
43 and port 42 is shown in detail in Figure 3 
and for the sake of clarity many details that 

25 appear in Figure 3 are omitted from Figure 2. 
The injector valve 43 is coupled, via the 
valve stem 44, which passes through the 
holding chamber 32, to the armature 41 of 
the solenoid 47 located within the injector 

30 body 31. The valve 43 is biased into the 
closed position by the disc spring 40 and is 
opened by energising the solenoid 47. Ener- 
gising of the solenoid 47 is controlled in time 
relation to the engine cycle to effect delivery 

35 of the fuel from the holding chamber 32 via 
the valve 43 to the engine combustion cham- 
ber. 

Further details of the operation of the fuel 
injection system incorporating a holding cham- 
40 ber is disclosed in Australian Patent Appiica- 
~"tioh"Nb.32 132/84 arid corres ponding United 
States Patent Application No. 740067 filed on 
the 2nd April, 1985. The disclosures of these 
two applications are each incorporated herein 

45 by reference. 

Referring now to Figure 3 there is shown to 
an enlarged scale the nozile portion of the 
metering and injector unit described with refer- 
ence to Figure 2, assembly in the cylinder 

50 head 12 of the engine shown in Figure 1. The 
adaptor sleeve 50 is threadably received at 51 
in the aperture 15 provided in the. cylinder 
head 12 and the nozzle portion 28 of the 
injector body 31 has the external surface 

55 thereof 52, a sliding fit in the bore 53 of the 
adaptor sleeve 50. A suitable compression 
seal 54 is provided between the shoulder 49 
of the nozzle portion 28 and the adaptor 
sleeve 50 to seal therebetween against the 

60 escape of gas from the combustion chamber. 
Preferably the seal 54 is made of a high heat 
conductive material to provide an efficient heat 
flow path from the body 3 1 to the sleeve 50 
and hence to the cylinder head 12. 

BR The nozzle Dortion 28 includes two concen- 


trically arranged sections hereinafter referred 
to as the inner section 55 and the outer sec- 
tion 56. The inner section 55 has a central 
bore 57 extending therethrough which consti- 
70 tutes a portion of the holding chamber 32 
previously referred to, and terminates at the 
lower extremity with a tapered valve seat 58. 
Co-operating with the valve seat 58 is the 
poppet type nozzle valve 43 attached to the 
75 lower end of the valve stem 44. 

The outer section 56 is of a generally cylin- 
drical form, so as to enclose the lower end of 
the inner section 55, and is an interference fit 
at 60 with the inner section 55 to provide an 
80 integral assembly with good heat transference. 
The internal diameter therebetween of the 
outer section 56 is greater than the external 
diameter of the inn^r section 55 so that when 
assembled as above described an annular cav- 
85 ity 61 is formed therebetween. In the pratical 
form of the nozzle the bore 57 through which 
the fuel passes is of a diameter of about 3.5 
mm and the cavity 61 is of a radial width of 
about 1 mm. 
90 At the lower end, the outer section 56 ex- 
tends at 63 beneath the lower end of the 
inner section 55 to abut, at 64, the inner sec- 
tion 55 adjacent the lower end of the valve 
seat 58. The extending portion 63 of the 
95 outer section 66 is spaced downwardly from 
the end of the inner section 55 so that the 
cavity 61 extends laterally inwardly towards 
the valve seat 58 as seen at 62. 
The inwardly extending portion 63 has an 
100 tapered bore portion 65 which generally forms 
an extension of the lower end of the valve 
seat 58, but is of a slightly large diameter so 
as to provide an annular passage 66 between 
the valve 43 and the^ extending portion 63 of 
105 the outer section 56 when the valve is closed 
seated on the seat 58. - 

The shape of the annular passage 66, in- 
cluding the contour of the respective surfaces 
forming the opposite walls thereof, has a sig- 
110 nificant influence on direction of the spray is- 
suing from the injector nozzle into the com- 
bustion chamber 19 of the engine. Any 
change from the original designed shape of 
the passage or contour of the respective sur- 
115 faces forming same, may substantially alter 
the spray pattern of the fuel, and hence alter 
the combustion process, resulting in variations 
in the efficiency of combustion and the nature 
and amount of emissions contained in the ex- 
120 haust gases. Accordingly once the shape of 
the passage and the contour of the surfaces 
has been settled it is important to ensure that 
these do not change in an uncontrolled or un- 
predictable manner. 
125 As is known carbon deposits and other 
solid particle deposits build up on the internal 
surfaces of the combustion chamber of an en- 
gine, and accordingly, such deposits may also 
build on up exposed surfaces of the injector 
130 nozzle, and in particular on the surfaces above 
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discussed which define the passage 66. The 
present invention controls the temperature of 
these surfaces by regulating the rate of heat 
flow therefrom so that the surfaces are main- 
5 tained at a temperature sufficiently high to en- 
sure combustion of any carbon or other de- 
posits which may settle on the surfaces under 
normal operation of the engine. 
It is known that, in a gasoline engine, preig- 

10 nition of the combustion charge is likely to 
( occur if that charge is exposed to a surface 
having a temperature of the order of 900°C or 
above. It is equally known that carbon par- 
ticles that may be formed in the engine will 

15 not combust at temperatures below about 
450°C. Accordingly it is desirable to maintain 
the surfaces of the nozzle which define the 
passage 86 at temperatures between the igni- 
tion point of the carbon particles and the tem- 

20 perature of pre-ignition of the fuel. Preferably, 
the temperature should be towards the upper 
end of that range such as in the range of 
800-850°C. 
With similar injector nozzles, prior to the 

25 present invention, it has been discovered that 
of the two surfaces defining the passage 66 
the tapered bore portion 65 of the outer sec- 
tion 56 is subject to the greater cooling ef- 
fect, as it is an integral part of the injector 

30 body, which is subject to cooling by the pas- 
sage of the fuel and air mixture therethrough, 
and also from its contact via sleeve 50 with 
the cylinder head of the engine, and to a les- 
ser extent by radiation from the upper parts 

35 of the injector body that are located in free 
air. 

In the above description the annular cavity 
61 between the inner and outer sections 55 
and 56 provides a heat transfer barrier or in- 

40 sulating effect for the tapered portion 65 so 
that there is not a rapid flow of heat from 
that surface into the remainder of the body of 
the nozzle. In particular the cavity 61 restricts 
the heat flow into the inner section 55 adja- 

45 cent to the holding chamber 32 in which the 
fuel-air mixture is contained. The only direct 
contact between the inner and outer sections 
in the vicinity of the tapered bore portion 65 
is the relatively small abutment area at 65 

50 immediately adjacent the valve seat 58 and 
through the engagement of the two compo- 
nents in the relatively remote area 60. As the 
area is physically displaced from the tapered 
bore portion 65 a distance substantially 

55 greater than that surface is displaced from the 
cylinder head of the engine, there will be a 
natural preference for the heat to flow from 
the surface of the tapered bore 65 to the 
cylinder head rather than the greater distance 

60 up to the are of interference engagement at 
60 between the inner and outer sections. 

The control of the rate of heat flow from 
the surface of the tapered bore portion 65 


ductivity of the order of 14-16 watts/metre'C. 
This rate of conductivity is substantially less 
than that of normal carbon steels which may 
be in the range of 45-58 watts/metre'C. The 
70 control of rate of heat flow may be assisted 
by at least partially filling the cavity 6 1 with 
an insulating material such as a ceramics ma- 
terial. 

Further assistance in controlling the rate of 

75 heat flow is provided by a clearance area be- 
tween the outer section 56 and the sleeve 50 
as indicated at 69 so that there is a heat flow 
into the outer section of this area from the 
combustion gases. The temperature in the 

80 area 69 will influence the rate of heat flow 
from the portion 63 of the outer section 56 
and so assist in maintaining the required tem- 
perature of the tapered portion 65. 
In addition or alternatively the heat flow into 

85 the outer section 56 from the combustion 
gases be varied by varying the degree of pen- 
etration of the nozzle into the combustion 
chamber 19 beyond the inner end of the 
sleeve 50. Appropriate testing will determine 

90 the preferred nozzle penetration for a particular 
engine configuration and operationing condi- 
tions, and that may then be set as the stan- 
dard for such engines, 
Figures 4 and 5 shows respective plan and 
95 side views of a poppet valve intended to be 
used as a nozzle valve in the injector unit 
shown in Figure 3. As can be seen from the 
plan .view of the valve, there are twelve 
equally spaced notches or slots 115 about the 

100 periphery of the head 1 16 of the poppet 

valve, and an annular sealing face 120 which 
in use co-operates with the valve seat 58 in 
Figure 3. The included angle of the sealing 
face is 90° but may be at any other appropri- 

105 ate angle such as, for example, the sometimes 
used 120° angle. In the embodiment shown 
the annular portion 121 of the poppet valve 
head, in which the notches 115 are provided, 
has a greater included angle, angle of 120*. 

110 Thus with this poppet valve the surface 65 of 
the port would have to be similarly inclined at 
an included angle of 120'. 

The included angle between the opposite ra- 
dial walls of the notch is 14.1/2*, the the 

115 overall diameter of the valve head is 5.5 milli-, 
metres with the width of the notch at the 
periphery of 0.6 millimetres. It is to be noted 
the depth of the notch is such that it does 
not extend into the sealing face 120 of the 

120 valve. 

In the embodiment shown the side walls 
117 of the notches are radial to the axis of 
the valve and the base 118 of each notch is 
inclined so that the depth of the notch at the 

125 lower face of the valve is greater than at the 
upper face. Typically the angle of the inclined 
base to the axis of the valve may be of the 
order of 30°. 
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ures 4 and 5 modifications thereof are pro- 
vided in our International Patent Application 
NO.PCT/AU86/00201. Those disclosure are 
incorporated in and made part of this specifi- 

"5 cation by reference. 

It is to be understood that the passage 66 
between the valve 43 and tapered portion 65 
of the outer section 56 may be of a cylindrical 
form as an alternative to the divergent conical 

10 form shown in Figure 3. In the cylindrical form 
the conical form of the valve 43 would be 
shortened to the length necessary to provide 
a sealing face with the port face 58 but to 
not extend significantly therebeyond. 

15 The fuel injector nozzle as disclosed herein 
may be used in a wide range of fuel injection 
systems for gasolene engines, including such 
engines for use in vehicles and marine craft 
including automobile engines and outboard 

20 marine engines. 

CLAIMS 

1. An internal combustion engine in-cylinder 
fuel injector nozzle comprising a body having a 

25 fuel passage therein, a poa in the body to in 
use communicate the fuel passage with an en- 
gine combustion chamber, a valve element 
adapted to co-operate with a valve seat in 
said port to control fuel flow therethrough, 

30 and a fuel spray directing surface in the port 
extending downstream from the valve seat, 
said body including means to regulate the heat 
flow through the body from the spray direct- 
ing surface so that the latter is maintained at 

35 a temperature to combust particles of com- 
bustion products deposited thereon. 

2. A fuel injector nozzle as claimed in claim 
1 wherein a cavity is provided in the body 
between the spray directing surface and that 

40 part of the body through which the fuel pas- 
sage passes, said cavity being shaped and lo- 
cated to restrict the area for conductive heat 
flow from the spray directing surface to said 
part of the body. 

45 3, A fuel injector nozzle as claimed in claim 

1 wherein the valve seat and the spray defin- 
ing surface are each of annular shape and co- 
axial with that portion of the fuel passage im- 
mediately upstream of the valve seat, and an 

50 annular cavity is provided in the body co-axial 
with the fuel passage and extending from a 
first location radially outward of the spray di- 
recting surface to a second location radial out- 
ward of the fuel passage and axially upstream 

55 from the valve seat. 

4. A fuel injector nozzle as claimed in claim 

2 or 3 wherein the cavity is filled with gas. 

5. A fuel injector nozzle as claimed in claim 
2 or 3 wherein the cavity is at least partially 

80 occupied by an insulating material. 

6. A fuel injector nozzle as claimed in claim 
5 wherein the insulating material is a ceramic. 

7. A fuel injector nozzle as claimed in claim 
1 wherein the body comprises an inner por- 

65 tion throuah which the fuel passage extends 


and having the port and valve seat at one end 
of the Inner portion, and an outer portion ex- 
tending about at least that part of the inner 
portion incorporating the valve seat and the 

70 fuel passage immediately upstream of the 
valve seat, said outer portion forming the 
spray directing surface, the inner and oirter 
portions defining therebetween a cavity 
shaped and located to restrict the area for 

75 conductive heat flow from the spray directing 
surface to the inner portion, 

8. A fuel injector nozzle as claimed in claim 
7 wherein the inner portion of the body has a 
first annular terminal face extending from the 

80 downstream end of the valve seat and the 
outer portion of the body has a second annu- 
lar terminal face extending from the upstream 
end of the spray directing surface, said first 
and second surfaces being is a substantially 

85 abutting relation to provide a seal there- 
between with a restricted area for conductive 
heat flow therebetween. 

9. A fuel injector nozzle as claimed in claim 
7 wherein the cavity is co-axial with the fuel 

90 passage and port with an Inner cylindrical wall 
formed by an external surface of the inner 
portion and an outer cylindrical wall formed by 
an internal surface of the outer portion. 

10. A fuel injector nozzle as claimed in 

95 claim 8 wherein the cavity is of a substaniiaiiy 
annular cross-section co-axial with the fuel 
passage and defined by opposing surfaces of 
the inner and outer portions of the body, and 
includes a portion extending inwardly to the 

100 location where the first and second surfaces 
abut. 

11 . A fuel injector nozzle as claimed in 
claim 7, 8, 9 or 10 wherein at least the outer 
portion of the body is made of a material of 

105 low heat conductivity compared with carbon 
steel. . 

12. A fuel injector nozzle as claimed in 
claim 1 1 wherein the low heat conductivity 
material is stainless steel. 

110 13. A fuel injector as claimed in any one of 
claims 7 to 12 wherein the cavity is at least 
partially occupied by an insulating material. 

14. A fuel injector as claimed in claim 13 
wherein the insulating material is a ceramic. 

115 15. A fuel injector nozzle as claimed in 
claim 1 wherein the means to regulate the 
heat flow comprises the body being shaped 
between the spray directing surface and that 
portion of the body wherein the fuel passage 

120 immediately upstream of the sealing face is 
provided so as to restrict the conductive heat 
flow path therebetween. 

16. An internal combustion engine having an 
in-cylinder fuel injector nozzle as claimed in 

125 any one of claims 1 to 15. 

17. an internal combustion engine as 
claimed in claim 16 being an engine for a 
vehicle, 

18. An internal combustion engine as 

130 claimed in claim 16 being an engine in or for 
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an automobile. 

19. An internal combustion engine as 
claimed in claim 16 being a marine engine. 

20. An internal combustion engine as 

5 claimed in claim 16 being an outboard marine 
engine. 

21. An internal combustion engine in-cylin- 
der fuel nozzle substantially as hereinbefore 
described with reference to Rgure 3 of the 

10 accompanying drawings. 
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